The cross-ply fiber reinforced composites which we have studied are made of two phases : an organic matrix (epoxy resin) and carbon reinforcement fibers with high mechanical characteristics. These materials are manufactured by stacking elementary layers in predetermined directions with a given sequence which corresponds to a superperiod. The element'ary layer, with a thickness L = 150pm, is made of a random distribution of pre-impregnated fibers, oriented along a single axis, which forms the basic building block of the material.
Two cross-ply composites, labeled I and 11, consisting of a large number of plies, have been investigated. The superperiod of the composite I is made of two orthogonal elementary layers (Pig.1). The composite XI, represented on Fig.2 , is obtained by stacking four layers with a 7r/4 helicoidal step. After polymerization of the resin, two laminated and periodic materials, with respective periods 2L and 4L, are obtained. They have, in the long wavelength limit (X >> L), a fourfold and an eigthfold axis of rotation respectively, which are both normal to the fibers direction.
In this work, we report a theoretical study and an experimental analysis through an ultrasonic spectroscopy method, of the dispersion effects for elastic shear waves propagating along the symmetry axis of these two cross-ply composites. Spatial dispersion effects are expected when the wavelentgh becomes comparable to the thickness of the superperiod, and appear for frequencies as low as a few MHz.
In the composite I, the shear wave propagating along the fourfold axis is doubly degenerated. As usual, the spatial dispersion appears through the existence of forbidden frequencies or stop bands in the dispersion curve l .
In the composite 11, the shear waves are no longer degenerated. The helicity of the stacking involves the existence of two waves with respective right and left polarizations and different velocities. A new effect, which can be described by acoustical activityz in the long wavelength limit, is therefore added to the above Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19902297 pattern and appears through the existence of semi-gaps in the dispersion curve. In these bands, one of the two polarizations is propagative while the other one is forbidden.
The dispersion relations, for the propagation of a plane shear elastic wave with frequency W along the z axis of the stacking ( Fig.1 and Fig.2 ), can be derived from the eigenvalues of the transfer-matrices T~a n d TII for a superperiod of the composites I and I1 respectively.
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These two matrices have two eigenvalues respectively, either complexe conjugate of unit modulus, or real with one the inverse of the other. The complexe solutions define respectively a forward and backward propagative wave for frequencies corresponding to a propagative shear wave of wavevector k through the composite. The real solution of modulus greater than 1 is eliminated for physical reasons while the other one of modulus lower than 1 defines an evanescent wave for frequencies which correspond to stop bands. 
S// and sl represent the velocities, corresponding to polarization directions parallel and normal respectively to the fibers direction direction, of a shear wave propagating through the thickness of a ply.
The dispersion curve is represented on Fig.3 . The gaps corresponding to the condition lcos(kl3)1 > 1 appear at the edge of each Brillouin zone for k = palL3,p = 1,2, ...
Composite I1
In this case, there is no more degeneracy. Due to the helicoidal stacking of the layers, two waves with right and left polarizations, and no rectilinear one, exist in the medium.
The dispersion relation is then obtained from the complex conjugate eigenvalues :
of the matrix TII as :
with k, = w/s, , 7 = 1, //, r = k, /kN, q : an integer whose value depends on the frequency band considered. Fig.4 represents the dispersion curve in the reduced Brillouin zone. This curve displays two waves propagating in the medium with an acoustical activity which appears when the wavelength becomes comparable to the superperiod and increases with frequency. The two waves have respectively left and right circular polarizations at low frequencies. At higher frequencies, a right and left direction can always be attributed to each of them, except in a few points of degeneracy. In the frequency domain [1.26MHz < v < 1.64MHz1, a semi-gap of type (cos(kL + 7r/4)[ > 1 appears. In this band, the two waves (+6) and (-6) in Eq.2 are forbidden and propagative respectively. At higher frequency, the two polarizations are propagative until the band [ 4.02MHz < v < 4.32MHzI , where a semigap of type Icos(kL + ?r/4)I > 1 appears again. In this one, the forbidden wave of the previous semi-gap becomes propagative while the other one is now forbidden. Finally for [5.52MHz < U < 5.91MHz1, we have a full gap which corresponds to the condition < 0.
-Experimental art
The fiber composites under investigation are of type T300/ 914, carbon-reinforced epoxy, of density 1577kg/m3 and mass fraction of resin 35%, built by Avions Marcel Dassault Company.
Two samples have been manufactured : one composite of type I in which each ply unit is stacked 0190 to form a quadratic material made of 50 superperiods (100 plies i.e. 15mm thick) and one composite of type I1 constituted of 16 superperiods (64 plies i.e. 9.6mm thick). In the first one, the stacking is 0/45/90/ -45. In the second one, a mirror in the stacking sequence of the elementary layers has been introduced. This mirror corresponds to an inversion of the helicity of the stacking which leads to the following sequences : 0/45/90/ -45 for the eight first superperiods and -45/90/45/0 for the eight last ones. The introduction of this mirror, as it will be seen in the discussion, is a trick way to display the semi-gaps relative to the two polarizations on the same spectrum. In order to show the existence of gaps in the frequency domain, a spectroscopy method using broadband pulses was chosen. In our experimental set-up, shear wave transducers and ultrasonic transmission technique were used. Two pairs of shear wave broadband transducers, with respective nominal centerfrequencies of 20MHz and 5MHz, were successively applied to the cross-ply composites and axially compressed to a constant load. The two transducers (transmitter and receiver) are fixed on both sides of the sheets and their polarization directions oriented parallel. A broadband pulse is used to excite the transmitter. The received signal is then amplified, filtered, numerized and averaged by a digital oscilloscope and its spectrum computed using a FFT algorithm.
The spectra of the received temporal signals are not full, a s those we can obtain in unidirectional composites for longitudinal waves for instance. They possess gaps for frequencies corresponding to the stop bands shown in the theoretical part.
For the composite I, the experimental evidence for the existence of gaps is shown in Fig.5a and Fig.5b For the composite II, the transducer receives a temporal signal relative to the two waves. Therefore its spectrum does not allow us to display the gaps for these two polarizations. A mirror have then been introduced as indicated above. This mirror kills the propagative polarization, which is alternatively either right or left, hi order to restore only the gaps, represented on Fig.6a and Fig.Gb, corresponding to the forbidden polarization. The spectra obtained with the first pair of transducers of center-frequency of 5MHz take a little into account the bandwidth frequency effect. For the second pair of center-frequency of 20MH2, the bandwidth effect is more important and involves then a little deformation of the depth of the gaps. Therefore, a qualitative experimental approach of the gaps is gi*en. Moreover, the ultrasonic attenuation, quiet important in these materials reduces their width and their depth. 
-Conclusion
First theoretical and experimental results on the dispersion effects, for the propagation of elastic shear waves in 0190 and 0/45/90/-45 fiber-reinforced composites are reported. These effects, which appear when the wavelength becomes comparable to the superperiod, do not proceed from a mass difference of the elementary layers, but are only due to their specific stacking.
